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Screening Dark Energy
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Is it possible for light, gravitationally-coupled
degrees of freedom to exist while avoiding
detection from local experiments?




1. The Era of Precision Uncertainty
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1. The Era of Precision Uncertainty




The end of cosmology?

IS COSMOLOGY SOLVED?
An Astrophysical Cosmologist’s Viewpoint

P. J. E. Peebles

Joseph Henry Laboratories, Princeton University,
and Princeton Institute for Advanced Study

ABSTRACT
We have fossil evidence from the thermal background radiation that our universe ex-

panded from a considerably hotter denser state. We have a well defined, testable, and so
far quite successful theoretical description of the expansion: the relativistic Friedmann-

"Does ACDM signify completion of the fundamental
physics that will be needed in the analysis of ...
future generations of observational cosmology?

Or might we only have arrived at the simplest
approximation we can get away with at the
present level of evidence?”

- Prof. P. J. E. Peebles



A Richer Dark Sector V(f)

@ Dark energy candidates:

A , quintessence...

Ratra & Peebles (1988); Wetterich (1988);

Caldwell, Dave & Steinhardt (1998)

@ Tantalizing prospect:
couples to both dark and baryonic matter.

\

> ruled out?




A Richer Dark Sector V(;b)

@ Dark energy candidates:

A , quintessence...

Ratra & Peebles (1988); Wetterich (1988);

Caldwell, Dave & Steinhardt (1998)

@ Tantalizing prospect:
couples to both dark and baryonic matter.

\

> ruled out?

Not so fast. Scalar fields can "hide” themselves from local
experiments through

30
Phere ™ 10 Pcosmos



2. Experimental Program
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invariably lead to small but potentially
measurable effects in the solar system and/or in the lab


















Chameleon Mechanism

J. Khoury & Weltman, Phys. Rev. Lett. (2004);
Gubser & J. Khoury, (2004)

Consider scalar field ¢ with potential V(qﬁ) and conFormaIly-coup'l‘ed' to

matter:
1
L=—5(09)"-V(¢)+yg

where Tﬁi is stress tensor of all matter (Baryonic and Dark)
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Consider scalar field ¢ with potential V(¢) and conFormaIly-coqgl‘ed to
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1
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where 1" s stress tensor of all matter (Baryonic and Dark)
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Density-dependent mass Vert ()

I
Vet (¢) = V(@) + gMiPl l -
M5 :
e.q. . Ml Th i s e (g V(¢) ___________ ¢

Thus m = m(p) increases with increasing density

Laboratory fests => set m 1 (plocal) < mm

Generally implies: m_l(pcosmos) = Mpc

Meanwhile, m_l(psolar ot <10 — 10* AU
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> ruled out by post-Newtonian tests?
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Thin-shell screening
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But small objects >

e gt Gn(1 4 2g%) in space !




Smoking Guns
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Smoking Guns
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@ Galileo Galilel




Strong coupling? Vet (¢)

J. Khoury, A. Upadhye & W. Hu, to appear ?
‘- ~ PO
M? i
Vip) ===, M=100"8%
O ,
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Perturb aroundmimmumie = el o cdiBes (leh  0ul e > ()
e 5gb”
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where S ah {
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ol g it S pA A > s
M M m? m?
@ Cosmologically: m ~ Mpc_1 e UIR° CeV

o Lab: m ~ 1073 eV S 10 eV




Rela'hon '|'O F(R) g]"avrl'y Carroll, Duvvuri, Trodden & Turner (2004);

Capozziello, Carloni & Troisi (2004)

M2
Y= Pl /d433\/ f ‘|‘ Smatter[g,uz/]

Special case of chameleon theories:

2 r
S m— MPl /d458\/7< f(w) | 3?7]2( w)} ke Smatter[guu]

Varying wrt to @ S = R




Rela'hon '|'O F(R) g]"avrl'y Carroll, Duvvuri, Trodden & Turner (2004);

Capozziello, Carloni & Troisi (2004)

M2
S — Pl /d433\/ f ‘|‘ Smatter[g,ul/]

Special case of chameleon theories:

3 fi d
S = s ¢ /d433\/7< f(2) - di( w)} + Smatter |Guv]

Varying wrt to U S = R

d 3 d
Field redefinitions: gu, = ﬁ?]w/ ;@ = _\/§MP1 log B
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: g Smatter [ uy6ﬁ¢/MP1-‘
M2, (¢35 - §)

AE

where V =



Rela'hon '|'O F(R) g]"avrl'y Carroll, Duvvuri, Trodden & Turner (2004);

Capozziello, Carloni & Troisi (2004)
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Chameleon Searches

@ Eot-Wash

Adelberger et al., |
Phys. Rev. Lett. (2008) 102

107®
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@ CHameleon Afterglow SEarch (CHASE), Fermilab
Chou et al., Phys. Rev. Lett. (2008,2010)

Collider constraints
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@ ADMX
P. Sikivie & co., Phys. Rev. Lett. (2010)

@ Active Galactic Nuclei
C. Burrage et al., Phys. Rev. Lett. (2009)

Photons -> Chameleon conversions increase
scatter in empirical luminosity relations
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1.9505

ADMX excluded region

1.951 1.9515 1.952 1.9525 1.953
Effective chameleon mass (ueV)



